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PREFACE 


The work reported herein was conducted by the Arnold Engineer- 
ing Development Center (AEDC), Air Force Systems Command (AFSC), 
at the request of the National Aeronautics and Space Administration 
(NASA/GSFC), for the Thiokol Chemical Corporation under Program 
Element 92 IE. The results of the test were obtained by ARO, Inc. 

(a subsidiary of Sverdrup Corporation), contract operator of 'EDC, 
AFSC, Arnold Air Force Station, Tennessee, under ARO Project 
Number V41T-21A. The authors of this report were R. E. Alt and 
J. T. Tosh, ARO, Inc. The data analysis was completed on June 1G, 
1976, and the manuscript (ARO Control No. ARO- VKF-TR-76-65) 
was submitted for publication on June 25, 1976. 
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1.0 INTRODUCTION 


The International Ultraviolet Explorer (II E) rocket motor 
(TE-M-604-4) is a solid fuel, spherical rocket motor designed and 
manufactured by the Thiokol Chemical Corporation. Klkton Division. 
Dynamics testing of the orbit insertion motor (DIM) was conducted 
as part of the qualification test program for the motor. The qualifica- 
tion test program required that the motor be subjected to sinusoidal 
and random vioration testing prior to test firing at simulated altitude. 


The vibration testing of the TE- M-604-4 motor consisted of the 
following tests in each of three orthogonal axes. 

j 5- to 2, 000- Hz sine sweep at four octaves per minute 

at an input level of 0. 5 g. 

2. A 5- to 2, 000- Hz sine sweep at specified g levels at a 
rate of four octaves per minute. 

3 . Random vibration for a duration of one minute per a 
specified input spectrum. 

4. A 5- to 2, 000-Hz sine sweep at four octaves per minute at 
an input level of 0. 5 g. 

In addition to the testing of the IU E motor, a mass simulator 
was subjected to similar tests in two axes for the purposes of evalu- 
ating the performance of the AEDC-designed vibration fixtures and 
for verifying the test procedures and equipment. The dynamics test 
ing was conducted in the Impact. Vibration, and Acceleration (IVA) 
Test Unit of the von Karman Gas Dynamics Facility (VKF) at AEDC. 


2.0 APPARATUS 


2.1 TEST UNIT 

The Impact, Vibration, and Acceleration Test Unit consists of 
the vibration system, a shock machine, and a centrifuge. The equip- 
ment (Fig. 1) is housed in the "S" Building of the VKF. The test 
control room is separated from the test area by a reinforced con- 
crete wall. 


7 



Sceptic p a 


1£ 3 LANK_NCT 


FTLMr.'D 


At DC T H 76 1 77 


I In vihr.it ion system consist, of a 1. 11114 electrodynamic shaker, 
p< > w e r amplifit r. and suit and ranti »in vibration c.u trol equipment. 

Hn shaker (Ling Model 24!*A) is a v ide- frequency- band electro- 
dynamic lorct shaker capable of opeiating at a force rating of 
• u, (MU) lbf in the sine mode and 12. 000 lbf in the random mode. The 
shaker operates in the 5- to 2. 000- Hz frequency range. 

The vibration control and monitoring equipment is located in the 
control room and is shown schematically in Figs. 2a and b. The 
>in« vibration signal and rate of sweep are supplied by a sweep oscil- 
..itor (Spectral Dynamics Corp. Model SD104) through an amplifier 
servo / m mitor (SD1056). The servo/ monitor output signal is fed to 
the powi r amplifier (Ling Model PP175/240) and then to the Ling 
-4hA sii. ker. Four control accelerometers, mounted on the fixture 
to motor mounting ring, sense the vibration and send signals through 
'•h.irg* amplifiers (Pnholtz- Dickie Model D - 1 1 ) to individual tracking 
filters (SD1012B), where the signal is filtered by preselected filters 
of sped: led bandwidths. A linear d-c proportional output signal from 
each tracking t liter is fed to an averaging controller (SD22A), the 
output signal of which is fed directly to the servo/ monitor or, for 
multilevel testing, through the automatic level programmer (SD115) 
to the servo/ monitor. At the servo/ monitor the control signal is 
automatically compared, for control purposes, to the preset, accel- 
eration level. The servo/ monitor automatically adjusts its output to 
provide an acceleration level in accordance with a preset value. 

The random vibration input signal is supplied by the random 
vibration analyzer/ equalizer system (Ling Model ASDE-80) located 
m the test control room. This system analyzes the shaker accelera- 
tion output, the signal from the Unholtz- Dickie multifunction averag- 
ing control (MAC- 8 ), from the average of the four control accelerom- 
eter signals and equalizes internally generated random noise to the 
desired spectral density. The ASDE-80 control system allows auto- 
matic control of the acceleration spectral density in each of 85 chan- 
nels between 10 and 2, 020 Hz by individual servoamplifiers in each 
channel. The output of the random noise generator is shaped to the 
desired spectral density by the control system and then is passed 
through preamplifiers to the power amplifier. The power amplifier 
increases the signal power level and feeds it to the electrodynamic 
shaker, which converts it into mechanical force which drives the 
motor. The power spectral density input to the motor is continuously 
monitored during testing with a Spectral Dynamics Model 301A Real 
Time Spectrum Analyzer. 
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When testing in a lateral axis, the vibration fixture is mounted on 
hydrostatic bearings (Team Corp. Models 1830 T-8 and 1830 V-8). A 
signal from a pressure switch in the hydraulic supply line is connected 
U) a safety circuit of the Ling shaker to shut down the power amp. ifier 
in case of loss of hydraulic pressure. 

Two additional safety circuits were provided to protect the motor 
and / or the shaker system from possible overtesting. A safety accel- 
erometer. mounted on the test fixture, was connected electrically to 
a Ling AA1.-100 armature acceleration limiter. This unit was set to 
siiut down the power amplifier when the force level experienced by the 
armature reached approximately the maximum force rating of the Ling 
system (that is, when the product of the armature plus fixture plus 
motor weight and the input acceleration level at the fixture- armature 
mounting location approached 30. 000 lbf). An accelerometer mounte 
on the motor nozzle in the test axis was connected electrically to an 
SD129A sine/ random Signal Vibration Protector, and this unit shut 
down the power amplifier when a preset acceleration level was reached. 


2.2 TEST MOTOR 

The Thiokol TE-M-604-4 motor is a 24. 58- in. -diam solid fuel 
rocket motor with a fixed nozzle. The design includes an integral 
attachment flange. The nominal motor weight is less than o00 lb and 
the motor case is composed of two hemispheres connected by a short, 
straight, cylindrical section (Fig. 3). It is mounted by a ring con- 
taining 24 holes on a 25. 075-in. -diam bolt circle attached to the aft 
hemisphere. The initiation system was not subjected to vibration. 


2.3 INSTRUMENTATION 

The test instrumentation for the vibration testing consisted of 
accelerometers placed at designated locations on the motor and test 
fixture (Fig. 3). The accelerometers were Endevco Model 2228-C 
tri-axis or Endevco 2226- C single axis mounted on phenolic blocks. 
The accelerometer output signals were routed to charge amplifiers 
for conditioning and then were recorded on a Bell and Howell Model 
3700- B tape recording system operating at 15 in. / sec (Figs, -a uni 

b). 

Individual or average input control accelerometers are monitored 
during testing on RMS voltmeters (Thermo-Systems. Inc. , Model 
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ldfeo) or ;< spectral density voltmeter (M. B. Electronic e Model N122) 
either directly or through a Ling Model LP-10 low pass filter in 
series with the voltmeter. Selected accelerometer signals are also 
displayed in real time on a Honeywell Model 1 H5H CRT photographically 
recording visicorder. Accelerometer signals are plotted in real time 
(input control) or following testing on x-y plotters. 


All instrumentation used during the vibration and acceleration tests 
was calibrated according to AKDC standard calibration procedures 
(Table 1). 


3.0 PROCEDURE 


The ILK rocket motor was received at the IV A test unit on 
May 3, 1076, in preparation for vibration testing. A bare iixture 
evaluation and mass simulator/ fixture evaluation for both the lateral 
and thrust axes preceded motor testing. The fixture and fixture/ mass 
simulator evaluations were based on 0.5-g sine surveys from 5 to 
2, 000 Hz at a sweep rate of four octaves per minute (Fig. 4). I’he 
mass simulator IFig. 5) was also tested in both lateral and thrust axes 
at qualification levels of sine and random vibration for the purpose of 
verifying test procedures, vibration fixtures, and vibration control 
equipment. 

A summary of system dynamic test activities is contained in 
Table 2. At the conclusion of vibration testing the mass simulator 
wa*- - returned to Thiokol Chemical Corp. and the IL K motor was 
transferred to the AKDC Radiographic Inspection Laboratory for 
X-ray inspection prior to the test firing m the AKDC Kngine Test 
Facility (ETF) Propulsion Development Test Cell (T-3). 


4.0 RESULTS AND DISCUSSION 

4.1 LATERAL AXIS FIXTURE AND PROCEDURE EVALUATION 

The lateral axis vibration fixture was evaluated by means of a 
0. 5-g sine survey following its installation on the hydraulic bearings 
and attachment to the shaker armature. The results of the survey 
are shown in Fig. 6. There were no significant fixture resonances 
below approximately 200 Hz. Above 200 Hz, although there was 
considerable variation in the vibratory input between the motor 
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attachment points as indicated by the four control accelerometers in 
the Y axis (accelerometers 1 through 4Y), the averaging control unit 
maintain d the 0.5-g average input over the entire 5- to 2.000 Hz 
frequency range. 

The motor mass simulator was then installed on the lateral axis 
vibration fixture for further evaluation of the fixture at qualification 
test stress levels and also for verifying the test procedures prior to 
conducting the 1UK motor qualification test program. The mass 
simulator (Fig. 4) was composed of a number of plates and rods and 
accurately simulated the mass and inertia properties of the motor 
and undoubtedly loaded the vibration fixtures to higher levels than 
the IUE motor. However, due to its construction, it contained a 
large number of resonant frequencies and was therefore somewhat 
difficult to control. The simulator was run through the motor quali- 
fication test requirements, and the results are shown in Figs. 7 
through 10. 


4.2 LATERAL AXIS TESTING: IUE MOTOR 

The IUE motor (S/N 0002) was installed in the lateral axis vibra- 
tion fixture in preparation for X-axis testing. Installation photographs, 
including accelerometers, are shown in Fig. 11. The X-axis O. o-g 
sine survey was then conducted. The X-Y plots of all acceleration 
signals recorded during this survey are shown in Fig. 12. AH X-Y 
plots were made from the magnetic tape recording following comple- 
tion of the entire test program, except for the closed loop control plot 
and the control average online plot. All data channels were displayed 
on the recording oscillograph following the individual vibration tests. 

The qualification level sine sweep and qualification level random 
vibration tests were then conducted with no problems. The results of 
these tests are shown in Figs. 13 and 14 . The random vibration equal- 
ization was accomplished at -20 db with the shaker operating and also 
following several short bursts of -10 db operation. The first attempt 
to run at full power input resulted in a shutdown by the nozzle peak 
limit accelerometer, 14X, which had been set to 40- g peak. The 
limiter was reset to 100-g peak and the one- minute full level run con- 
ducted A final 0. 5-g sine survey was then conducted, and the results 
are shown in Fig. 15. No significant differences were noted with the 
initial 0. 5-g sine survey results. 
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The Y-axis test program was conducted in the same manner as 
the X-axis test. Installation photographs for the Y-axis are shown 
in Fig. 16. The 0. 5-g sine surveys and qualification level sine and 
random vibration test results are shown in Figs. 17 through 20. No 
significant acceleration differences were noted with the X-axis test 
results, as would be expected due to the motor symmetry. 


4.3 THRUST AXIS FIXTURE AND PROCEDURE EVALUATION 


The thrust axis bare fixture was evaluated by conducting a 0. 5-g 
sine survey from 5 to 2. 000 Hz at a sweep rate of four octaves per 
minute. The results of the survey are shown in Fig. 21. Since the 
motor mounting points are symmetrical, there was very little varia- 
tion in vibratory input between control accelerometer mounting 
points. The cross- axis response was insignificant except above 
1, 900 Hz in the direction normal to the motor mounting flange. 


The thrust axis fixture/ mass simulator installation photographs 
arc shown in Fig. 22. and the vibration test results in Figs. 23-27. 

Due to the number of input level changes required in the qualifica- 
tion level sine sweep (Fig. 5a) this test was conducted in 5- to 75- 
and 75- to 2, 000-Hz sweep ranges. The only problem encountered 
during the mass simulator test was the loosening of the mounting 
bolts, noted during the removal of the simulator from the fixture 
following the final 0. 5-g sine survey. This was attributed to the use 
of a slightly overlength bolt. As this problem would not be encountered 
with the IUE motor installation, the thrust axis procedures and 
fixture were considered satisfactory. 


4.4 THRUST AXIS TESTING: IUE MOTOR 

The qualification testing of the IUE motor in the thrust (Z) axis 
was similar to the lateral axis program, a low level sine survey 
prior to and following qualification level sine and random testing. 

The photographs of the motor installed in the thrust axis fixture are 
shown in Fig. 28. The results of the first 0. 5-g sine survey are 
shown in Fig. 29. A nozzle resonance mechanical transmissibility 
factor (Q) of approximately 40 was noted at the 328-Hz resonant point. 
Due to this higher than anticipated Q value, a second sine survey was 
conducted at a 1. 0-g input to verify the linearity of the magnification. 
The results of this survey are shown in Fig. 30. A Q value of 44 at 
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the 328- Hz frequency was again noted. The 5- to 75- Hz portion of 
the qualification level sine test was then conducted, and no problems 
were encountered (Fig. 31). 

The 0.001-in. double amplitude displacement specified between 
200 and 420 Hz (Fig. 4) would have resulted in a 6-g input near the 
nozzle resonance point and a resulting nozzle acceleration level of 
approximately 260 g's. In order not to exceed the nozzle design level 
oi approximately 150 g's. the vibration input level was reduced to 3 
g's bet veen 240 and 420 Hz. However, the nozzle peak limiter 
(accelerometer 112) shut down the 75- to 2. 000-Hz sine sweep at the 
resonance point when the 150- g level was reached (Fig. 32). The 
input level was reduced to 2 g's below 420 Hz, and the sine sweep 
was restarted at 300 Hz. This test was completed satisfactorily, 
and the results- are shown in Fig. 33. 

The random vibration test was then conducted per the spectrum 
requirements of Fig. 4, with the nozzle peak limiter again set to 
shut down the vibration at 150 g peak. The first full level burst 
was shut down when this level was reached 15 sec into the run. How- 
ever, the test was continued at the required spectrum input level, 
and the remaining 45 sec of the 1-min required operation were com- 
pleted (Fig. 34). The final 0. 5-g sine survey was then conducted, and 
the results are shown in Fig. 35. There were no significant response 
changes from the initial 0. 5-g sine survey. 


13 


AF.OC TR 76 172 



15 



PFECEDUC PA3£ 


:-LA.NK_NCT FILM'D 










VKF IVA FACILITY 

DATA & CONTROL FLOW SYSTEM 
RANDOM VIBRATION 

■ T 




1 1« I *» 


AEDC TR 76 172 




At DC TR 76 172 


Vibration Input Levels 



Slnusoida 1 



Logar i t tim ic 

Sweep at Four 

Octavcs/ain 

Spacecra f t 

Frequency 

A ere 1 era t i on 

l)» - placement . 

Axis 

Range . 

111 

g . 0 to Peak 

in. D . A . * 


5 

to 

7.2 

— 

0.75 


7 2 

to 

15 

2.0 

— 


i 

to 

21 

7 0 

— - 


21 

to 

35 

4.0 

— — - 

Thrus t 

35 

to 

75 

8.5 

— 

(Z ) 

75 

to 

100 

4.0 



100 

to 

198 

2.0 

— 


1 98 

to 

420 

— 

O.ool 


420 

to 

2.000 

9.0 



5 

to 

7 

_ w _ 

0.8 * DA. 


7 

t o 

25 

2 0 

— — - 

La tera 1 

25 

t o 

45 

3.0 

— 

(X-Y) 

i 

to 

200 

1 . 5 

— 


200 

to 

420 

— 

0.001 


420 

to 

2.000 

9.0 

“ “ “ 


Random Levels - All Axes - 1-min Axis 


Frequent y Range . Hz 


PSD, k 2 Hz 


20 to 150 
150 to 250 
250 to 1.000 
1.000 to 2.000 


0.032 
6 db or t 
0.083 
-3 db oc t 


Overall 11.39 g rms 


•Double Amplitude 


Figure 4. Vibration input 






2 00 Tubtnq. 

4 ft«Qu>rad 

Nor* PHttrn and 
Sua San* as Casa 






Test Article: Thlokol/IUE Fixture 

Vibration Axis: Y 

Tracking Filter: SD1012B 

BWj: 5 Hz, from 5 to 45 Hz 

BW^,: 50 Hz, from 45 to 2,000 Hz 

Date: 4-9-76 

Remarks: Off Tape 


Frequency, Hz 

a. Average of accelerometers 1 2 3. and 4Y 


Frequency, Hz 


b. Accelerometer 1Y 

Lateral axis fixture evaluation 0 5 g sine survey, hare fixture 


1 ' " 
t *• 


1 


— i 

F 

1 . 
1 



M 






- 




u 

I J 



« bfi 
O 


U 

< 

Frequency , Hz 



100 


1,000 2,000 




c. Accelerometer 2Y 


2 

1 

0 



Frequency, Hz 


d. Accelerometer 3Y 

2 

1 
0 


Frequency, Hz 



e. Accelerometer 4Y 
Figure 6. Continued. 


AEDC-TR 76 172 








Frequency, Hz 

f . Accelerometer 1 X 


Frequency, 1 

h. Accelerometer 3X 
Figure 6. Continued. 


100 

1,000 2.000 

Frequency, Hz 
Accelerometer 2X 






AEDC-TR 76 172 



HVdd a 

'uoT^vaaxaoay 


5fB3d a 

‘uoT^Baaiaoov 


24 




Figure 6. Continued. 




Acceleration, g peak 


VKF IVA Facility Dynamics Test 


Test Article: IUE Dummy Mass 

Vibration Axis: Y 

Tracking Filter: 501012B 

BW^: 5 Hz from 5 to 45 Hz 

BW 2 : 50 Hz from 45 to 2,000 Hz 

Accelerometer Ident.: Average 

Date: 4-30-76 

Remarks: Online Plot 


2 


1 


0 

5 10 100 1,000 2,000 



Frequency , Hz 

Figure 7. Lateral axis procedure evaluation: 0.5-g sine survey, man simulator. 


AEDCTR-76 172 




Acceleration, g peak 


A E DC T R 16 1 77 


14 


12 


10 


8 


6 


4 


2 


0 



i Test Article Il'L Dummy Mass 
4 Vibrat ion Axis Y 
1 Tracking Filter SD1012B 
, BWj : 5 Hz from 5 to 50 Hz 

; Bk '2 15 Hz from 50 to 2,000 Hz 
•Accelerometer: Average 

j Date 5/3/76; Online Plot 


r rTiJ . : • nrcxpr: ’xa 

VKF IVA Far 1 1 1 ty D yt ami cs Test 


5 10 


100 


1,000 2,000 


Frequency, Hz 


Figure 8 Lateral axis procedure evaluation qualification level sine sweep, 
mass simulator 


Acceleration Spectral Density, g /Hz 


AEDC TR 76 172 



10 100 1.000 2,000 


Frequency, Hz 

Figure 9. Lateral axis procedure evaluation: qualification level random 
vibration, man simulator. 


28 




Acceleration, g peak 


wt IVA Facility Dyn amics Test 

Test Article: IUE Dummy Mass 

Vibration Axis: Y cnl ni2R 

Tracking Filter ^eed: SD1012B 

Bf : 5 Hz from 5 to 45 Hz 

BW^: 50 Hz from 45 to 2,000 Hz 

Accelerometer Ident.: Average 

Date: 5/4/76 

Dnmarkfi: Online Plot 



AEDC-TR 



At DC T R 76 1 7? 



.10 


Figure 11. X axis motor instillation photographs 







At Dc T n >6 1 71 



32 


Figure 11. Continued. 
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p. Accelerometer 14X 
Figure 12. Continued. 
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q, Accelerometer 15X 
Figure 12. Continued. 
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r. Accelerometer 16X 
Figure 12. Continued. 
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o. Accelerometer 13X 
Figure 13. Continued. 
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x. Accelerometer 14Z 
Figure 13. Concluded. 






Acceleration Spectral Density, 



Frequency, Hz 


a. Closed loop plot 

Figure 14. X-axis vibration test: qualification level random vibration 





AEDC TR 76 172 


VKF IVA Facility Dynamics Test 


Test Article: NASA/1UE 

Vibration Axis: X 

Vibration Level: 12.0 g rms 

Analyzer: SD301D 

Analyzer Bandwidth: 7.45 Hz 

Accelerometer: Average 

Date: 5/10/76 



1,000 


Frequency, Hz 

b. Online plot 
Figure 14. Continued. 


77 


AEDC-TR 76-172 


Accelerometer 


Average 

IX 

2X 

3X 

4X 

5X 

6X 

7X 

8X 

9X 

11X 

12X 

13X 

14X 

15X 

16X 

7\ 

11Y 

14Y 

15Y 

16Y 

14Z 

Safetv 


g rms 

12.0 

7.5 

14.5 

6.7 
14 

12.5 

13.5 

5.8 

8.7 to 9.2 
8.4 to 8.9 
20 to 31 
20 to 27.5 
20 to 30 
20 to 31 
11 to 17.5 
13 to 19 

12.5 
3.5 
4.3 

3.2 

3.3 

23 to 26 
14 


c. X-axis, random; 5/10/76 
Figure 14. Conducted. 


78 


Acceleration, Acceleration 

g peak g peak 


* 

I 


VKT IVA Facility Dynamics Test 

Test Article: NASA/IUE 

Vibration Axis: X 

Tracking Filter: SD1012B 

BW^: 5 Hz from 5 to 45 Hz 

BW 2 : 50 Hz from 45 to 2,000 Hz 



5 10 100 1.000 2,000 


Frequency, Hz 

a. Closed loop plot 


1 


0 



100 


1 . 000 2 . 000 


Frequency, Hz 


b. Accelerometers averaged, online 
Figure 15. X-axis vibration test: 0.5-g sine survey 


AEOC -TR-76-172 




Acceleration, 

Acceleration, g peak 




c. Accelerometers averaged 



a Accelerometer IX 

Figure 15 . Continued. 


wi-ei-*J.-3 aav 







Acceleration 
(t peak 



Date: 6/1/76 


Frequency, Hz 


e. Accelerometer 2X 


Date: 6/1/76, Run 5, Reel 58 


Frequency, Hz 


f. Accelerometer 3X 
Figure 15. Continued 
















Acceleration, Acceleration 




j- Accelerometer 7X 
Fijpjre 15. Continued. 



1.000 2,000 














Acceleration, Acceleration 

g peak B P eak 



Frequency, rl 

k. Accelerometer 8X 


Date: 6/1/76, Run 5, Reel 58 


z , uuu 


Frequency, H 

I. Accelerometer 9X 
Figure 15. Continued 


AEDC TR-76 172 



Acceleration, g peak 



Frequency, Hz 

m. Accelerometer 1 1 X 
Figure 15. Continued. 


AEDC TR 76 172 



















r 


AEDC TR 76 172 



N 

X 


>. 

y 

c 

o 

3 

cr 

Q 


X -ri 
CM X 

1 I 

§ c 

<3 


0 
* 

1 

< 


in 

£ 
& 
c u. 


ifead 3 ‘ uox^BaaiaooV 


87 




r 


AEDC TR / 6 172 


I 



3T«ad 8 ‘uoj^Baaxaoov 


" & 

6 u. 


88 


Frequency, Hz 






00 

>o 


3 

0 ) 

ft 


bC 


a 

o 


•M 

<a 

U 

0 ) 


0 ) 

o 

o 

•< 



100 

Frequency, 1 


p. Accelerometer 14> 
Figure 15. Continued 


11111111111111111111111111111111 imiiiiiiiiiiiiiiiiiiii I 

inn iiiiiiiiiiiiiiiiiii ml 

lllllllllltllllllllllli IIIIIIIIIIIIIIMIII il 

jlllllllllMII II 1111111111111111111 llll 

iiiiiiiiiiiiiiiiiiu iiiiiiiiiiiiiiiiiiiiiih 

llllllllililiniiiii linin' mu mu mi 1 mi < 
Biiiiiiiiiiiiiiiiiiiiiiiiiiiii 1111111111111111111 inn 

iiiiiiiiiiiiiniiiiiiii iiiiiiiiiiiiiniiii in 

IIIIIIIIIIIIIIUIIIIIH! IIIIIIIIIIIIIIIIIII mi 
iiiMMIIMIIIIIIIIIillllllii' IIIIIIIIIIIIIIMIII ll 

lllllllllllllllllllKliiiinn llllllltlililiinii ||« 

- w ■■ilium hi mi 

Ilium 


HHNHNiiiiiiiiiiiiiiiiiiii 
■ miiiiiiiiHiiiiiii iiiiinii 

■MMMHMIMHIIIillllllll) 
■■pillllllllll 
MRRIlRiliiiiiuiiiiii 
E iii iiiiiii iiiiiiiui inmiiii 
‘“‘■•■iiniiimiiiininin 


iiiiiiiijiiiiiiiiiii i 
iMHiiniiiiiniiiij 

imiiiiiiiiiiiiiin a 

IIIIIIIIIIIIIIMIII i 
IIIIIIIIIIIIIIMIII j 
[liiiiiiiiiiiiiiiiii | 
■■lllllllllillll 
IIIIIII I 


llltHIMfl 

111111111111 


iHiiiiiiiiiiiiiiiii iiuiiiMiimimiinin 

llltlltltllllllllll llllllllllllltlll 

IHiiiiiiiiiiiiiiiii iiitiiiiiiiiiiiiiiiniiii 

— IHIIIIIIIIIIIIIIIII i 
llllllllllfllllillll I 


IRiilHIHHIIIIIHIIIIIIllllHllllllllllllllillllI 
llllllllllllllllllllllllllll IIIIIIIUI lllllllllillll I 
iiiMiiiinniiuiiiiiHiiii iimiHiiMiuiiinmi| 


1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 in mu 

mu mu m mu 

HUH HIIIIHI 1 IIIIIUI lllll 
^^^^Hilllll 

him 

lllllllllllllllllll III 
lllllllllillll II I. 
lllll Ill- 


S!S!!ii!!ii l iiii iiiiiiiiiiiiiiiiiii iiii i 

iiiiiiiiiii iiiiiiii liiiiiiiiiiiiiiiiii iii' i 

uiiiiiiiiti iiiliiliiiMiiiiiiiiini i 

iiniiiiiiii iiiiiiiiiiiiiiiiiii im r 

lllllllllll IIIIIIIUI lllllllllillll i 

iiiiiniiii iiiiiiiniiiiiiiiiiiiiiii 
jiiiiniiti iiiiiiiiiiiiiiiiiii 

mi iiiiiiiui mu 



IHiiiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiii ini I 


4 f T t T~ 

4 I 1 1 1 - 


iiiiiniiii] 


lllllllllllllllllllllll IHIIIIIIIIIIIIIIIIillli HUMP 1U 

'••MMIIMIIIIIIIMII HI'I ••• ^ | ^ •••! MU' M* I 


1,000 2,000 








AEDC TR-76 172 


7 



o o o o 

P) N ^ 

Tread 3 ‘uoT^B*taiaooV 



d-il 


40 






g peak 



AEDC-TR 76-172 






Acceleration, Acceleration 

g peak g peak 







3 


2 


1 


0 



I 


6/4/76, Run 5 


5 10 


100 


1.000 2.000 


Frequency, Hz 


s. Accelerometer 7Y 



> 

m 

O 

O 

-i 

X 

a> 


t. Accelerometer 11 Y 
Figure 15. Continued. 






>c 

u> 


a 

o 


3 -a 

U V 

® a 


0) hC 

o 

o 

< 



u. Accelerometer 14Y 


a 

o 

•H 

S3 

U ® 

o a 

H 

0) ti3 

o 
o 

< 



v. Accelerometer 15Y 
Figure 15. Continued. 


tn-etuxooav 






vC 

u 


4 ) !• 

HUH 
IIIIIIIH 

iSiHiiiilH' 

seiSa 
nsBsd 

iiiii iiiii iiiii iiii i 


S i 
I 

jllllllll'l 

i hiiVR 

fltHflH'l^wniWIIIIIIMIIIIIHII 


I I 

r« 

i 

■tmiiiii l 

HSKimniiimliiiTii^^ ■ 

BEEiSSES 
EESSEi 

run HI 

■min iu i 

Sassasisss! 

*S=ffl!S!!!!:s f J 


HiillKMmSiiiSSj! SSSSh inII lill, 


:::n 


SSSEii 


iiiiiim iiiiiHii HMIJJJ 1 JISJ 1 1 ''!! !!!; 

IIIIIIIH IIIIIH 11 imiUJHHHIJjl] Ijjj 


II ||||iii|i| IIIIIIIH 

iiiMimiiiiiniiii 

IIIIIUIIIHIIIIIHI 

HMniimiiiiiinii i 
mi iiimiiiiiiiiii 


llll 1IIIIIIMIIIIIII I 
mi mil illllllHl 
MlllMNMM 
III k'lHIIIIIIIUIH I . 

mi i itniiniyiiii hnii 
in l'miuimuiihniI! 
iiiii iiiniMiiii 

'inn iiiiiiiiiiii 

i"itn Jinn nmiiniii 


111 


IIIIIIIH llll 

nil I 

jHimtHHiiii 

IFnimhiiiiuiiI 

fTij-MIMIVMMj 


1,000 2,000 


Frequency , Hz 


x. Accelsrometer 14Z 
Figure 15. Conctuded. 


AEDC TR 76 172 





AE DC TR 76 * 72 



l >5 
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t. Accelerometer 2Y 
Figure 18. Continued. 


AEDC 1 




===5iiii=*iiissi=££g'ii.iis[:i=ii 

iiillliiilillilliiililisiiOfii 

ii==l ============== =ii=l=il/=l 










^Tsad 8 ‘uoT^BJaiaoov 


128 




I 

l 

I 



Frequency, Hz 

h. AccaWometer 5Y 
Figure 18. Continuad. 
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k. Accelerometer 8Y 
Figure 18. Continued. 
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n. Accelerometer 12Y 
Figure 18. Continued. 
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Figure 18. Continued. 
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t. Accelerometer 13X 
Figure 18. Continued. 
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Figura 19. Condudad. 
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VKF IVA Facility Dynamics Test 


Test Article: NASA/IUE 

Vibration Axis : Y 

Tracking Filter: SD1012B 

BV^: 5 Hz from 5 to 45 Hz 

BW2: 50 Hz from 45 to 2,000 Hz 



a. Closed loop plot 



b. Accelerometers averaged, online 
Figure 20. Y-axis vibration test: O.E-g sine survey. 
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d. Accelerometer 1Y 
Figure 20. Continued. 
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h. Accelerometer 5Y 
Figure 20. Continued. 
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j. Accelerometer 7Y 
Figure 20. Continued. 
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m. Accelerometer 1 1 Y 
Figure 20. Continued. 
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Figure 20. 
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q. Accelerometer 15Y 
Figure 20. Continued. 
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Frequency, Hz 


r. Accelerometer 16Y 
Figure 20. Continued. 
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u. Accelerometer 14X 
Figure 20. Continued. 
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Figure 20. Continued. 
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VKF IVA Facility Dynamics Test 


Test Article: NASA/IUE 

Vibration Axis: Z 

Tracking Filter: SD1012B 

BW^ : 5 Hz from 5 to 75 Hz 

BW 2 : 50 Hz from 75 to 2,000 Hz 



Frequency, Hz 


a. Accelerometer: Average Z 



b. Accelerometer 1Z 

Figure 21. Thrust axis fixture evaluation: 0.5-g sine survey, bare fixture. 
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c. Accelerometer 2Z 



d. Accelerometer 3Z 
Figure 21. Continued. 
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e. Accelerometer 4Z 



f. Accelerometer IX 
Figure 21. Continued. 


AEOC TR 76-172 



AEDC TR 76 172 



170 


g. Accelerometer 2X 
Figure 21. Continued. 
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h. Accelerometer 1Y 
Figure 21. Continued. 
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Figure 22. Thrust axis installation photographs: mass simulator. 
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Figure 22. Continued. 
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Figure 22. Concluded. 
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Test Article: NASA/IUE Dummy «“» 

Sacking" niter: SD1012B 

BW n : 5 Hz from 5 to 45 Hz 

. 50 Hz from 45 to 2,000 Hz 
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Accelerometer: Ave^ S e 

'Date: 5 / 17 / 76 ; OnleePlot 
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Figure 23 . Thrust proredure -«*«: OS, *- Surrey. ~ simuistor. 
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VKF IVA Facility Dynamics Test 


Test Article: NASA/IUE Dummy Mass 

Vibration Axis : Z 

Tracking Filter: SD1012B 

BW^ : 5 Hz from 5 to 75 Hz 

Accelerometer: Average 

Date: 5/20/76; Online Plot 
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Frequency, Hz 

Figure 24. Thrust axis procedure evaluation: qualification level 
sine survey, mass simulator (5 to 75 Hz). 
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Test Article: NASA/IUE 

Vibration Axis: Z 

Tracking Filter: SD1012B 

BW 2 : 50 Hz from 75 to 2,000 Hz 

Accelerometer: Average 
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VKF IVA Facility Dynamics Test 

Test Article: NASA/IUE Dummy Mass 

Vibration Axis : Z 

Tracking Filter: SD1012B 

BWj: 5 Ez from 5 to 45 Hz 

BW 2 : 50 Hz from 45 to 2,000 Hz 


Accelerometer : Average 

Date: 5/21/76; Online Plot 
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Figure 27. Thrust axis procedure evaluation: 0.5 j, sine survey, mass simulator. 
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VKF IVA Facility Dynamics Test 

Test Article: NASA/IUE 

Vibration Axis: Z 

Tracking Filter: SD1012B 

BW^: 5 Hz from 5 to 45 Hz 

BW 2 : 50 Hz from 45 to 2,000 Hz 


BW. : 5 Hz from 5 to 75 Hz } 

1 V Figs, e-z 

BWg: 50 Hz from 75 to 2,000 Hz J 



a. Closed loop plot 

Figure 29. Z-axis vibration test: 0.5^ sine survey. 
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b. Online plot, Z accelerometers averaged 
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Online plot, accelerometers averaged 
Figure 29. Continued. 
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e. Accelerometers Averaged 
Figure 29. Continued. 
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k. Accelerometer 6Z 
Figure 29. Continued. 
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m. Accelerometer 8Z 
Figure 23. Continued. 
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o. Accelerometer 1 1 Z 
Figure 29. Continued. 
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v. Accelerometer 9X 
Figure 29. Continued. 
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z. Accelerometer 11 Y 
Figure 29. Concluded. 
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a. Clotad loop plot 

Figur# 30. Z-axis vibration ta*t: 1.0-g sine survey. 


AEDC-TR-76-1 72 







AE DC-TR-76-1 72 



207 


i. Accelerometers averaged 
Figure 30. Continued. 
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d. Accelerometer 1Z 
Figure 30. Continued. 
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g. Accelerometer 4Z 
Figure 30. Continued. 
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Figure 30. Continued. 
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i. Accelerome*«r 6Z 
Figure 30. Continued 
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j. Accelerometer 7Z 
Figure 30. Continued. 
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I. Accelerometer 9Z 
Figure 30. Continued. 
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m. Accelerometer 11Z 
Figure 30. Continued. 
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n. Accelerometer 12Z 
Figure 30. Continued. 
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p. Accelerometer 14Z 
Figure 30. Continued. 
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t. Accrierometer 9X 
Figure 30. Continued. 
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v. Accelerometer 1 i 
Figure 30. Continued 
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w. Accelerometer 9Y 
Figure 30. Continued. 
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a. CloMd loop plot 

Figure 31. Z-oxis vibration tost: 5 to 75 Hz. qualification lovol 
•no swoop. 
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31. Continued. 
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d. A c celerometer 1Z 
Figure 31. Continued. 
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t. Acc ele r ometer 3Z 
Figure 31. Continued. 
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h. Accelerometer 5Z 
Figure 31. Continued. 
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j. Accelerometer 7Z 
Figure 31. Continued. 
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I. Accelerometer 9Z 
Figure 31. Continued. 
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n. Accelerometer 12Z 
Figure 31. Continued. 
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o. Accelerometer 13Z 



p. Accelerometer 14Z 
Figure 31. Continued. 
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q. Accelerometer 15Z 



r. Accelerometer 16Z 
Figure 31 . Continued. 
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Figure 31. Continued. 
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x. Accelerometer 11 Y 
Figure 31. Concluded. 
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a. Closed loop plot 

Figure 32. Z-axis vibration test: 75 tc 325 Hz, qualification level sine sweep. 
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b. Online plot, accelerometers averaged 
Figure 32. Continued. 
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Figure 35. Continued. 
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Figure 35. Continued. 
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v. Accelerometer 1Y 
Figure 35. Continued. 
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Table 1. Instrumentation Calibration Traceability 


Parameter 

Measured 

Instrument 

Name 

Instrument 

Number 

Instrument 

Classification 

Calibration 

Interval 

Date of 

Last Calibration 

Vitiation 

Level 

Model 13116 
X-Y Display 

55354 

T 

A/R 

2-16-76 

1 


Model SD301D 
Real Time Analyzer 

55356 

T 



3-23-76 



Model SD309 
Ensemble Averager 

55355 

T 



2-16-76 



Model SD1010B 
Carrier Generator 

54897 

T 



3-20-76 



X-Y Plotter 

40170 

T 



4-30-76 



Model SD115A 

Auto Level Programmer 

55570 

T 



3-25-76 



SD105C 

Amplitude Servo/ Monitor 








SD1012B 
Tracking Filter 

54899 

T 



3-23-76 



SD1012B 
Tracking Filter 

58006 

T 



3-22-76 

Frequency 

SD104A-2 
Sweep Oscillator 

54898 

T 



3-3-76 

Frequency 

5512 A 

Electronic Counter 

38886 

T 



9-18-75 
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Parameter 

Measured 


Instrument 

Name 


Frequency 

Frequency 

Vibration 

Level 

Mag Tape 
Input Cal 


SD22A 

Averaging Control 
MAC-8 

Multifunction Averager 
1888 

CRT Visicorder 
1060 

Rft£> Voltmeter 
1060 

Rfc£ Voltmeter 

Fluke 8375A 
Digital Multimeter 

Model 1450 TBR 
Decade Attenuator 

LP-10 

Low Paso Filter 

RM31A 

Oscilloscope 

Preston 

Amplifier 

Preston 

Amplifier 


Table 1. Continued 


Instrument 

Number 

Instrument 

Classification 

Calibration 

Interval 

Date of 

Last Calibration 

58005 


A/R 

3-19-76 

57992 


1 

10-21-75 

55386 

T 

l 

1-12-76 

49735 


6 mos 

4-5-76 

49737 


6 mos 

4-5-76 

55154 

S 


5-76 

55661 

T 

12 mos 

7-10-75 

38872 


A/R 

3-27-76 

40387 


A/R 

9-16-75 

57493 




55089 
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Table 1. Continued 


Parameter 

Instrument 

Instrument 

Instrument 

Calibration 

Date of 

Measured 

Name 

Number 

Classification 

Interval 

Last Calibration 

Acceleration 

2226 

Accelerometer 

52527 

T 

6 mos 

3-29-76 





52528 





3-24-76 





53865 





3-25-76 





55251 





4-23-76 





53864 





3-29-70 





53863 





3-2 

5-76 

Vibration 

Level 

Model D~ 1 1 
Charge Amplifier 

54095 





2-12-76 





53890 











54094 











52622 











54092 
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Parameter 

Measured 


Instrument 

Name 


Instrument 

Number 


Vibration 

Level 


Model D- 1 1 
Charge Amplifier 


52617 

54093 

58221 

52621 

52626 

52615 

52619 

52623 

52625 

52618 

58201 


Instrument Calibration 

Classification Interval 
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Table 1. Concluded 


M 

00 


Parameter 

Measured 


Instrument 

Name 


Instrument Instrument 

Number Classification 


Vibration 

Level 


Model D- 1 1 
Charge Amplifier 


58202 


T 


Calibration Date of 

Interval Last Calibration 


mos 2-12-7'i 


58220 

52816 

52620 


Test Data 
Test Data 


Mag Tape VR3700B 
Bell & Howell 

Mag Tape VH3700B 
Bell & Howell 


52624 

53880 

53536 

57884 


Mag Tape | Beckman Freq. 
Deviation I Counter 


11700 
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Date 

4-9-76 

4- 30-76 

5- 3-76 
5-3-76 
5-4-76 
5-5-76 

5-6-76 

5-7-76 

5-10-76 

5-11-76 

5-11-76 


Tabto 2. NASA IUE Rocket Motor Vibration Test Activity Record 


Activity 


Remarks 


Lateral axis bare fixture evaluation * ith four-point avei age control. 

Mass simulator /lateral axis fixture evaluation conducted. 

Lateral axis qualification level sine survey conducted with mass simulator. 
Five- to 2. 000- Hz sine sweep at 4 oct/min. 

Lateral axis qualification level random vibration test conducted with mass 
simulator. 

Lateral axis 0. 5-g sine survey conducted with mass simulator. 


0. 5-g s.ne survey fixture satisfac? >r 
0. 5-g sine survey contr *1 sat t»f actor • 

Control poor above 1,000 Hz tu«- to »mt- nu*. >n •( 
fixture and simulator resonant es. 

Control satisf at t«*r\ at appr *x. 12. ■ rrtis. 

Control anti response similar * pre -iaal.r a’. *n 
level testing. 


I UK motor installed on lateral axis fixture for X-axis testing. Response 
accelerometers installed on motor, and accelerometer checkout conducted. 

0. 5-g sine survey conducted in X-axis from 5 to 2,000 Hz at 4 oct/min. 

Qualification level sine sweep conducted in X-axis from 5 to 2,000 Hz at 
4 oct/min. 


Qualification level random vibration test conducted in X-axis. Spectrum 
equalization required 2 min, 15 sec of -10 db operation. 


0. 5-g sine survey conducted in X-axis from 5 to 2,000 Hz at 4 oct / min. 


Nozzle safety ai celerometer 14X set t »0-g ;m. 

No problems em ountered. N »//!♦• resonant e »f 
approx. HO at 10 * Hz . \ i eierotneter V ?•*«: 

above 100 Hz. was replaced after sarv#- 

Nozzle safety set to 100 -g pk. Rea* hcd *0 g 
at 109 Hz. Motor to fixture bolts torque cheesed 
after test. No problems encountered. 

Nozzle safe!' »et to 40 g px. Shj* down -h.axer »n 
first increase to full p*»w»*r. >afet\ rese* • * l‘»o g 
pk and 1-min run at full level (*12 g rmsl inducted 
Spectrum satisfactory. < >ne narr w band » i* «t 
tolerance pea* at 1.H50 Hz. 

No problems encountered. Control an*i return-* - 
nearly ;oc*tt. cal f u those of firs* 0. > g ->.ne -uive. 


Motor to fixture bolts torque checked prior to rotating motor on fixture Torque unchanged from pretest level, 

for Y-axis testing. 


At DC TR 78 17? 


Table 2. Continued 


Date 

Activity 

Remarks 

5-11-71. 

0. 5 - g sint* s Lirv.-\ « onducted in Y-axis from * t < * 2.000 Hz jI 4 oct/ min. 

No problems. 

5-12-7#. 

Qu.d if nation level sine sweep conducted in 5 -axis from 5 to 2.000 Hz »* 
4 oct / mm. 

N<» problems. Motor *o !;xt ire bol*- • »r ; i* 
foil .wing tes*. 

12-7f» 

Qualification level random vibrati«»n test t .inducted in Y-ax.s. Spt . tram 
equalizations r. qu.red 1 m;n 25 set of -10 ib operation. 

Spe. trum satista- t(»r • * >r nr :r n . 

level of »12. • g rm- 

5-13-76 

0. 5-g line survey conducted in Y axis from 5 to 2,000 Hz at 4 oct/min. 

No problems. 

5-13-76 

ll’K motor installed in shipping « out amt* r in preparation for thrust axis 
mass simulator procedure f.xturt t valuation. 


14-7#* 

Set up test equipment for thru.-t axis testing. 


5-17-76 

Mass simulator installed ..n *hrust axis vibration f.xtuit for /--axis 
testing. 0. 5-g >.n. survey onducted with mas- simul .t..r *'r «m » * 

2.000 Hz at 4 oct/ min. 

No problems. 

5- 18-76 

Qu.U if i< at ion !« v el sine surv.-v eonducted !r«*m 75 t.» 2, ’00 11/ at 4 
oct /min using mass simulator. 

Control poor because of si::, a a* r. 

5- 19-7*. 

Qualif nation level sin* survev from 5 to 75 11/ conducted, but pr<» • d oral 
prohit ms were en ountt red with control equipment. 


5-20-7*. 

Qualification ieve. sint survev c ondu« ted with mass simulator from > t<« 

75 Hz at 4 oct/ min alter procedural problem corrected. 

\ problem-. 

5-21 -76 

Qualification level random vibratic** test conoucted using mass simulator. 

Spectrum equalization diffu alt fr •. 
Remainder of sjKvtrum equalized s .*..-* * *. 
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Table 2. Concluded 


K> 

NO 

K> 


Date 


Activitx 


Hen, 


arxs 


5-21-76 


5-21-76 

5-24-76 


0. 5-g sine survey conducted with mass simulator from 5 to 2.000 
Hz at 4 oct/min. 

Examination of mass simulator /fixture following testing revealed loose 
fixture -to -simulator bolts. Looseness possibly caused by bolts being 
slightly longer than required and exceeding length of helicoil inserts in 
fixture, resulting in a lower than required simulator-to-fixture torquing. 

Thrust axis bare fixture 0. 5-g sine survey conducted to check for fixture-/ 

shaker damage. 

1UE motor installed on thrust axis fixture for Z-axis testing. 


5-24-76 


Conducted 0. 5-g sine survey in Z-axis from 5 to 2,000 Hz at 4 oct/min. 


5-25-76 Conducte i 1.0-g sine survey in Z-axis from 5 to 2.000 Hz at 4 oct/min. 

5-25-76 Qualification level sine survey conducted from 5 to 75 Hz at 4 oct/min. 

Motor/fixture bolts torque checked following test. 


5-26-76 


Conducted qualification level sine survey from 75 to 2,000 Hz at 4 
oct/ min. 


5-27-76 


Qualification level random vibration test conducted. 


5 - 2 V - 7 6 
5-28-76 


0. 5-g Z-axis sine survey conducted from 5 to 2.000 Hz at 4 oct/min. 

IUE motor installed in shipping container in preparation for transfer to 
x-ray inspection laboratory. 


Control and response somewhat different *r r: •? r 
in prr- qualification level *estmg. 


No serious pr<*blems • a used bv bolts . • ** •-••n .(.* 


No problems encountered. 


Sweep was shut down twice by nozzle pea* limit 
accelerator 11Z. first set t<- 10 g. then t 20 g. 
Sweep completed with limit at 20 g as 11Z 
reached * 22 -g peak 

Nozzle peak limiter set to 50 g reached 44 g N 
problems encountered. 

No problems. 

Torque values at pretest levels. 

Nozzle peak limit shutdown a* * g nput with ** 
limiter 11Z s»* to 140-g pk. Input level reduce : 
to 2 g between <00 and 4 «*n Hz test ompletr J 
w ith no problems. 

Nozzle pea* limiter shutdown occurred at 1 * sec. 
into full level run with limiter -et to 140-g }>*. 
Spectrum lowered slightl> from too to i>0 Hz 
test completed with no problems. 

V • problems. 

No loosening *f m*>t *r t.xtn* * »i*> * ■ .rre* 

■ luring Z-ax.s *e.»t ,:i*. . 
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